The Nipah virus is a newly identified paramyxovirus responsible for an outbreak of fatal encephalitis in Malaysia and Singapore. This paper reports the follow up clinical and magnetic resonance imaging findings in 22 affected subjects. Of 13 patients with encephalitis, one died, one was lost to follow up, and seven recovered. Among the four remaining patients, one had residual sixth nerve palsy, another suffered from severe clinical depression, and a third patient had evidence of retinal artery occlusion. One patient with delayed onset Horner syndrome had a single lesion in the cervical spinal cord. The brain magnetic resonance findings were stable or improved in nine patients over 18 months of follow up. Among a second group of nine asymptomatic seropositive abattoir workers, magnetic resonance examination in seven subjects revealed discrete small lesions in the brain; similar to those detected in encephalitis patients. These findings suggest that in addition to encephalitis, the newly discovered Nipah virus affects the spinal cord and the retina. Late clinical and radiological findings can occur in Nipah virus infections as with other paramyxoviruses.
A n outbreak of fatal encephalitis occurred among pig farmers in Malaysia in 1998-1999. 1 2 In neighbouring Singapore, which imported live pigs from Malaysia, the outbreak affected only abattoir workers. [3] [4] [5] A newly discovered member of the Paramyxoviridae family, named the Nipah virus, 6 7 was found to be the causative agent. Named after the village in Malaysia where the virus was first discovered, the Nipah virus is closely related to the Hendra virus, 6 another recently isolated paramyxovirus responsible for disease in horses and humans in Australia. 8 As the Nipah virus is a novel pathogen, its long term effects are unknown. In the Hendra virus outbreak, there was one case of fatal encephalitis after a 13 month latency period. 9 Furthermore, there have been reports of neurological relapse and late onset encephalitis among Malaysian Nipah virus patients. 10 11 We describe the follow up clinical and radiological findings in two groups of pig workers affected by the Nipah virus outbreak.
METHODS

Subjects
Twenty two subjects who had serological evidence of Nipah virus infection were studied. All had been exposed to live pigs and were positive on enzyme immunoassay using a protocol developed by the Centers for Disease Control (Atlanta, GA). 1 The subjects were divided into two groups: the first group comprised 13 patients who suffered from Nipah virus encephalitis during the outbreak. The second, asymptomatic group consisted of nine abattoir workers who were clinically well, but were found on screening to have serological evidence of Nipah virus infection.
Study design
Clinical records and magnetic resonance (MR) data were collected prospectively. Subjects were followed up at three monthly intervals. Serial brain imaging studies were obtained in the encephalitis patients during the outbreak (day 1 to 38), and again at 6 months, 12 months, and 18 months. T1 and T2 weighted, fluid attenuated inversion recovery (FLAIR), diffusion weighted, and contrast enhanced pulse sequences were performed on 1.5 T clinical scanners. Among the asymptomatic group, brain MR imaging was carried out between four months and 14 months after the outbreak, with four subjects undergoing two or more studies. Cervical spine MR imaging performed in patient 2 consisted of T1 and T2 weighted as well as contrast enhanced sequences. Institutional review board approval and informed consent were obtained for our study. Table 1 summarisies the clinical and radiological findings. During the virus outbreak, all 13 patients were symptomatic with acute encephalitis. Five were comatose, requiring intensive care. Focal neurological deficits included cerebellar signs, motor and/or sensory loss, and transient myoclonus. Visual symptoms affected five patients, ranging from diplopia and nystagmus, to blurred vision or transient blindness. 3 4 Findings on initial MR imaging have been previously reported. 12 13 Multiple discrete small lesions were detected in the cerebral white matter, also involving the cortex, pons, cerebral and cerebellar peduncles, and the putamen.
RESULTS
Encephalitis group
Patient 1 died of his illness, and patient 10 was lost to follow up immediately after discharge from hospital. Of the 11 patients who returned for multiple outpatient visits, seven recovered with no residual neurological deficits. Patient 2 suffered from residual dysmetria and broad based gait, left arm dysaesthesia, and finger weakness. Nine months after the outbreak, he developed left Horner syndrome, with ptosis, miosis, and absence of sweating over the left side of his forehead. Electromyography and nerve conduction studies revealed denervation in the left C8-T1 innervated muscles. MR examination of the cervical spine showed a single small lesion at C7 level of the spinal cord (fig 1) . IgG but not IgM antibodies were present in the cerebrospinal fluid, Nipah virus culture was negative. This was presumed to be attributable to a late manifestation of Nipah virus infection as no other cause could be elicited.
Patient 3 suffered persistent diplopia caused by sixth nerve palsy. Patient 4 had residual monoparesis and nystagmus, and was re-admitted to hospital 16 months after the outbreak with severe depression and suicidal thoughts. He declined further psychiatric evaluation. Patient 7 complained of blurred vision in the left eye a month after discharge from hospital.
Ophthalmological review showed branch retinal artery occlusion, confirmed on fluorescein angiography.
Nine patients underwent serial brain MR studies over 12 to 18 months after the outbreak. Most brain lesions disappeared or were smaller, but some remained unchanged on multiple examinations.
Asymptomatic group
All nine asymptomatic subjects (all men, mean age 50.1 years) were clinically well during the outbreak and follow up. They were among 521 exposed abattoir workers who underwent mass serological screening immediately after the outbreak.
14 Except for one man who had a history of hypertension, there was no other coexisting illness such as diabetes mellitus.
Seven subjects had abnormalities on T2 weighted and FLAIR MR imaging. Small, hyperintense lesions less than 1 cm in size were detected in the cerebral white matter, cerebral peduncles, putamen, and pons. None of the lesions enhanced with contrast or were abnormal on diffusion weighted MR sequences. Four patients underwent repeat MR imaging, which showed no change in the number, size and location of lesions.
DISCUSSION
We followed up subjects infected by a new paramyxovirus to determine if they would develop clinical relapse of encephalitis or late onset neurological disease. Measles, the best studied paramyxovirus, is known to cause persistent brain infection, leading to subacute sclerosing panencephalitis. The novel zoonotic paramyxoviruses, Hendra and Nipah, 6 have also been documented to cause delayed fatal complications, with the brain MR pattern changing to confluent cortical lesions. 9 10 Three patients had persistent, and one had new clinical symptoms during the follow up period (patients 2, 3, 4, and 7). However, surveillance with serial brain MR imaging did not reveal new lesions, suggesting a possible post-infectious or immune mediated pathophysiology for the clinical findings.
Clinical manifestations and MR lesions may have fully developed in patient 2 only in the months after the initial infection. We believe this to be the first report of spinal cord Nipah virus lesion confirmed by MR imaging, although signs such as segmental myoclonus, flaccid tetraplegia, and nerve conduction studies have suggested spinal cord involvement in other reported series. 7 Infection of the spinal cord by the poliovirus, echovirus, and cryptococus [15] [16] [17] has been reported. Our finding of combined encephalitis and myelitis bears some similarity to the 1998 enterovirus 71 outbreak of encephalomyelitis in Taiwan, where abnormalities were also detected in both the brain and spine by MR imaging. 18 Postmortem studies of Nipah virus patients have demonstrated widespread endothelial infection of the small blood vessels in the central nervous system, leading to thrombotic occlusion and microinfarction. 2 The brain MR findings of small lesions in the deep cerebral white matter in our patients would be consistent with vasculitic small vessel infarction. 12 13 Our finding of small retinal artery occlusion in patient 7 has not been described previously in Nipah virus infection, and would also be consistent with this hypothesis.
Clinical depression as a consequence of organic brain damage has been described in a number of situations. However, an alternative explanation may be reactive depression brought about by protracted illness and disability, with attendant effects on the patient's family and livelihood. Unfortunately, patient 4 refused all further evaluation and medical treatment and we are unable to conclude further. MR imaging in the asymptomatic group of exposed abattoir workers revealed abnormalities that were similar in size, location, and signal intensity to those found in encephalitis patients, suggesting that the lesions are also caused by Nipah virus infection (Y S Leo, et al, International conference on emerging infectious diseases, 2000 and Tan et al). 19 Unfortunately, it was not possible to carry out MR imaging during the acute outbreak in the asymptomatic group of patients. Without direct evidence of acute infection such as contrast enhancement or diffusion hyperintensity, 12 the possibility of pre-existing lesions from other causes, 20 cannot be entirely eliminated. However, the absence of diabetes, hypertension, or other risk factors for small vessel occlusive disease in our population makes it highly probable that Nipah virus infection caused the brain lesions seen on MR imaging.
In our follow up study, we found no clinical or radiological evidence of late onset or relapsing disease in the brain. However, we found that this novel pathogen affects the spinal cord and the retina, probably from occlusion of small blood vessels. Furthermore, MR imaging evidence suggests that subclinical brain infection occurred among exposed abattoir workers. These findings expand the spectrum of clinical involvement of Nipah virus from that previously described. We believe that as more information emerges about the reservoir and pathophysiology of this novel pathogen, we will have a clearer understanding of its clinical manifestations and the implications for its control.
